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ABSTRACT
Endocardial radiofrequency catheter ablation is considered to be a useful procedure for 
paroxysmal atrial fibrillation. However, catheter ablation has difficulties in achieving 
successful results in patients with persistent or long-standing persistent atrial fibrilla-
tion. Currently, the gold standard is surgical ablation (the Cox maze III procedure). How-
ever, because surgical ablation requires a sternotomy and extracorporeal cardiopulmo-
nary bypass and has been associated with surgery-related complications, minimally 
invasive (totally thoracoscopic) and epicardial-endocardial (hybrid) ablation procedures 
have been developed. This article reviews the primary surgical and hybrid approaches 
used to treat persistent or long-standing persistent atrial fibrillation.
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INTRODUCTION

Atrial fibrillation (AF) is the most prevalent arrhythmia and is of particular clinical concern for 
its increased morbidity and mortality [1]. In Korea, 5% of the population older than 65 years 
and 10% of the population older than 80 years have a history of AF. Although the rapid evolu-
tion of catheter ablation has led to successful results in treating paroxysmal AF, persistent and 
long-standing persistent AF remain major clinical challenges with unfavorable outcomes. Me-
ta-analyses on catheter ablation have demonstrated that 57% of patients maintained normal 
sinus rhythm without an antiarrhythmic drug after a single procedure, and 71% of patients 
achieved a normal sinus rhythm after two or more interventions [2].
 Surgical treatment (i.e., maze procedure) has obvious limitations because of its technical dif-
ficulty, invasiveness, and requirement for cardiopulmonary bypass. Currently, surgical proce-
dures for AF have shifted from full sternotomy and the cut-and-sew maze operation to mini-
mally invasive techniques using a thoracoscopic approach, which makes it possible to perform 
the procedure without cardiopulmonary bypass. With this development, the thoracoscopic 
approach as a single procedure is safer and carries higher rates of arrhythmia-free survival 
than catheter ablations [3]. However, limitations still exist because of the characteristics of tho-
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Table 1.  Arrhythmia outcomes over 2 years

Variable

Total population

Hybrid (n=72) RFCA alone (n=105) Adjusted HR
(95% CI)a) P-value

1-year 2-year 1-year 2-year

Total atrial arrhythmiab) 14 (19.9) 20 (32.5) 26 (25.5) 34 (35.7) 0.64 (0.36–1.14) 0.13

AF recurrence 12 (17.1) 18 (29.6) 25 (24.5) 33 (34.9) 0.53 (0.29–0.99) 0.046

Sustained AT 1 (0.01) 2 (0.04) 2 (0.02) 3 (0.03) 1.36 (0.26–7.02) 0.72

Atypical AFL 5 (0.1) 8 (0.1) 8 (0.1) 8 (0.1) 1.31 (0.47–3.65) 0.60

Values are presented as number (%). The percentages shown are Kaplan-Meier estimates form the intention to treat analysis. Significant P-value 
is <0.05. The HR is for the hybrid group as compared with the RFCA alone group. 
RFCA, radiofrequency catheter ablation; HR, hazard ratio; CI, confidence interval; AF, atrial fibrillation; AT, atrial tachycardia; AFL, atrial flutter. 
a)Relevant covariates considered for analysis were age, body mass index, male, types of AF, LA volume index, and antiarrhythmic drugs prescribed 
after index procedure; b)Total atrial arrhythmia, composite of atrial fibrillation recurrence, sustained atrial tachycardia, or atypical atrial flutter.

racoscopic procedures. Contiguous and transmural lesions 
are not always guaranteed with this approach [4] and it is 
particularly difficult to ablate the mitral isthmus since this 
procedure approaches from the epicardial surface [5].

CATHETER ABLATION

AF results from electrophysiological disturbances within the 
atria. Electrical activities from multiple sources, especially 
those from pulmonary veins, disrupt normal sinus rhythm. 
Since Haissaguerre et al. [6] reported that ectopic beats origi-
nating from pulmonary veins are important culprits of AF, 
these sites have been the key target of catheter ablation. Al-
though circumferential isolation of both pulmonary veins is 
adequate for maintaining normal sinus rhythm in patients 
with paroxysmal AF [7], patients with persistent and long 
-standing persistent AF have high rates of recurrence [8].
Non-pulmonary vein triggers are also important in the initia-
tion of AF and are common targets of ablation during pulmo-
nary vein isolation. Paroxysmal and persistent forms of AF 
are not free from these triggers, including the left atrial ap-
pendage, posterior wall of the left atrium, superior vena 
cava, coronary sinus, ligament of Marshall, and the mitral 
isthmus. However, at most, 45% of patients with persistent 
or long-standing persistent AF were successfully freed from 
AF after a single catheter ablation, and 65% after multiple 
ablations. Even worse records have been reported in long-
term results of catheter ablation in patients with persistent 
AF, with a 20% success rate after 1 procedure at 5 years and 
an approximately 45% success rate after multiple procedures 
at 5 years [9]. It is important to note that these values are de-
rived from research in which catheter ablation was per-

formed in patients with drug-refractory AF. Nevertheless, the 
low success rate in patients with persistent AF has resulted in 
strategies that aim to improve ablation and surgical interven-
tions with an acceptable risk-benefit profile.

CONVENTIONAL ARRHYTHMIA SURGERY

First introduced in 1987, the initial surgical Cox maze proce-
dure was composed of complicated “maze” incisions in both 
atria with the aim of interrupting macro-reentrant circuits as 
well as isolating the sinus node and interrupting Bachmann’s 
bundle [10-12]. The Cox maze procedure shed new light on a 
non-pharmacological strategy of AF treatment and was de-
veloped into the Cox maze III procedure. In an effort to over-
come injury to Bachmann’s bundle, the entire left atrial dome 
incision was moved posterior to the superior vena cava. With 
atrial septostomy posterior to the superior vena cava orifice, 
the left atrium is exposed more simply with less effort, and 
pericardial patching for superior vena cava repair is no lon-
ger necessary. This much easier procedure solves both the 
chronotropic incompetence of the sinus node and the occa-
sional dysfunction of the left atrium. Lesion sets of the Cox 
maze III procedure have become the standard over the past 
30 years. Prasad et al. [13] reported that 96.6% of patients 
were free from symptomatic AF at 5.4 years, with no differ-
ence observed between those who underwent the Cox maze 
III procedure alone and those who had concomitant cardiac 
operations. Gomes et al. [14] recently reported rates of sinus 
rhythm maintenance after the Cox maze III procedure of 
88%, 85.1%, and 80.6% at 6, 24, and 36 months, respectively.
 The Cox maze IV procedure has been developed as a result 
of the technical difficulties of the cut-and-sew Cox maze III 



93http://doi.org/10.23838/pfm.2020.00072

Dong Seop Jeong et al.

procedure, better understanding of the electrophysiological 
anatomy of AF, and the advent of various energy sources for 
ablation. In this new procedure, ablation lines are created 
rather than atrial incisions, which has been as effective as the 
Cox maze III procedure [15,16]. This result contributed to the 
development of minimally invasive surgery and is character-
ized by its epicardial procedure and the lack of a need for 
cardiopulmonary bypass.

HYBRID PROCEDURE

The recent hybrid approach is an attractive alternative that 
overcomes the limitations of epicardial and endocardial ab-
lations. Current data have elucidated the necessity for endo-
cardial electrophysiological confirmation. As surgical lesions 
alone were shown to have difficulties in achieving complete 
isolation, staged catheter ablation after the window period 
was required [17,18]. Even though hybrid techniques need a 
multidisciplinary approach, which is time-consuming and 
challenging in terms of coordination and equipment, collab-
oration between surgeons and electrophysiologists should 
be encouraged for better rhythm outcomes of long-standing 
AF. The hybrid procedure in our institution consists of com-

plete thoracoscopic ablation and postprocedural electro-
physiological confirmation at 3 months postoperatively.

Minimally invasive totally thoracoscopic ablation
In our institution, “totally thoracoscopic” was defined as a 
video-assisted thoracoscopic surgical technique without the 
aid of mini-thoracotomy, the da Vinci system (Intuitive Surgi-
cal, Sunnyvale, CA, USA), or cardiopulmonary bypass. This 
approach required only three holes: two 5-mm in size and 
one 10-mm in size. The procedure starts at the right side with 
a 5-mm port introduced in the fourth intercostal space at the 
midaxillary line. Then, to expand the operative field and de-
press the diaphragm, carbon dioxide insufflation was done 
followed by placing the remaining two ports in the third in-
tercostal space at the anterior axillary line and the sixth inter-
costal space at the midaxillary line, respectively. An AtriCure 
Isolator Transpolar Clamp (AtriCure, Cincinnati, OH, USA) 
was positioned around the pulmonary vein antrum, and 
clamping was performed six times using bipolar radiofre-
quency energy to isolate the pulmonary vein (Fig. 1A, B). Ad-
ditionally, a linear pen device (AtriCure) (Fig. 1C) is used to 
create epicardial superior and inferior ablation lines connect-
ing both pulmonary vein isolation lines. Subsequently, an 

A B C

D E F

Fig. 1. Operative photographs of thoracoscopic ablation. (A) Right pulmonary vein isolation. (B) Left pulmonary vein isolation. (C) Left atrial 
roof linear ablation. (D) Ganglionated plexus ablation. (E) Division of ligament of Marshall vein. (F) After resection of left atrial appendage.
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ablation of ganglionated plexuses with bipolar radiofrequen-
cy energy with the aid of high-frequency stimulation is per-
formed (Fig. 1D). Ablation lines were confirmed by pace test-
ing using the AtriCure Cooltip pen. The procedure was then 
repeated on the left side. The ligament of Marshall was dis-
sected and ablated before pulmonary vein and ganglionated 
plexus ablation (Fig. 1E). After the completion of all ablations 
and confirmation of conduction block, the left atrial auricle 
was obliterated with an endoscopic stapling device (Fig. 1F).
 All patients underwent 24-hour Holter monitoring at 2 
weeks, 3 months, 6 months, and 1 year. For those found to 
have more than 5% AF burden during 24-hour Holter moni-
toring, 2-week monitoring was performed to confirm AF re-
currence. If necessary, electric or chemical cardioversion is 
used to recover sinus rhythm during follow-up within the 
3-month blanking period. With the exception of some cases 
decided by cardiologists considering patients’ previous 
stroke history and/or CHA2DS-VASc score, anticoagulation 
with warfarin was stopped at 3 months postoperatively. 

Endocardial electrophysiological procedure
Electrophysiological studies were performed during fol-
low-up (3 months after totally thoracoscopic ablation) in the 
hybrid group. Electrodes were inserted into the left femoral 
vein percutaneously, and one 6-F quadripolar electrode 
catheter was located in the right ventricular apex using fluo-
roscopic guidance and one 7-F duo-decapolar catheter was 
located at the crista terminalis of the right atrium and coro-
nary sinus. After positioning the catheters, two SL1 sheaths 
(St. Jude Medical, St. Paul, MN, USA) were inserted into the 
left atrium through transseptal access using fluoroscopy and 
blood pressure monitoring. Right after sheath insertion, in-
travenous heparin for systemic anticoagulation was initiated, 
checking the activated clotting time every 30 minutes to 
achieve a target range from 300 to 350 seconds. A multiview 
of the pulmonary venogram was obtained using a standard 
transseptal sheath. The Carto 3 system (Biosense Webster, 
Diamond Bar, CA, USA) is used to map the left atrial geome-
try and confirm the location of the catheters. One Lasso NAV 
catheter (Biosense Webster) with a diameter of 15 to 25 mm 
was inserted into the pulmonary vein, and its potential was 
checked. In patients who required three-dimensional map-
ping, a Lasso catheter and a Thermocool ablation catheter 
(Biosense Webster) were placed in the left atrium using sin-
gle or double transseptal access. Ablation strategies were de-
vised to remove residual potentials in the four pulmonary 
vein antra. In patients with a history of long-standing AF or 

with perioperative events of atrial flutter, cavotricuspid isth-
mus ablation was performed. If sinus rhythm conversion was 
not achieved after removing residual potentials around the 
pulmonary vein antra, ablation of the mitral isthmus, mitral 
annulus, roof line, septal line, and antrum of the superior 
vena cava was done.

CURRENT OUTCOMES

Safety of totally thoracoscopic ablation
We experienced two major bleeding episodes during the 
learning period [19]. After that, until 2018, no additional 
bleeding events occurred in 296 cases. We thought that ma-
jor bleeding could be overcome after a learning curve of 50 
patients. Phrenic nerve injury was also a concern since it can 
cause respiratory complications. Phrenic nerve injury was 
caused by heat using unipolar electrocautery. Fortunately, 
we were able to dramatically reduce the prevalence of phren-
ic nerve palsy with the use of bipolar-type electrocautery 
(harmonic scalpel). Abugattas et al. [20] reported a rate of 
early complications of 17% in their study, but most complica-
tions were minor and patients recovered quickly without any 
sequelae. The only remarkable complication was pericardi-
tis. We prescribe colchicine to all cases after thoracoscopic 
ablations to reduce the risk of acute pericardial reactions. 
Nevertheless, 3% of patients in our cohorts complained of 
chest pain caused by pericarditis and required readmission.

Rhythm outcomes
Earlier studies described the results of hybrid AF ablation in 
more than 50 patients. Pison et al. [21] reported a 74% suc-
cess rate in 78 patients, and Gehi et al. [22] reported a 66% 
success rate in 101 patients, including patients receiving anti-
arrhythmic therapy. Recently, Bulava et al. [23] demonstrat-
ed that among 70 patients with persistent AF, treatment with 
hybrid epicardial and endocardial radiofrequency ablation 
resulted in 77% of patients with arrhythmia-free survival and 
off antiarrhythmic drugs after 12 months. However, the use 
of previously ineffective antiarrhythmic drugs and redo-abla-
tion procedures increased the arrhythmia-free survival rate 
to 97% [23]. The results of the current study are in accor-
dance with our experiences in our institution. Among the 172 
patients undergoing thoracoscopic ablation in our institution 
with a median follow-up duration of 1 year (Table 1) [24,25], 
patients suffered recurrent significant atrial tachyarrhythmia 
[24]. Additional catheter ablation was done on 22 of 24 pa-
tients and sinus rhythm was restored in 17 patients (Fig. 2). In 
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summary, 165 patients (96%) showed normal sinus rhythm 
after hybrid ablation during follow-up, although the 1-year 
success rate of epicardial thoracoscopic ablation was 86% 
(148/172). Based on this clinical evidence, we agree that in 
the case of persistent AF, the hybrid approach seems to be 
very promising.
 Reconnection is considered to be one of the most import-
ant factors of recurrent atrial tachyarrhythmia after surgical 
ablation of AF [26,27]. Our study demonstrated that because 
insufficient energy is transmitted at the end of the jaws, the 
superior or inferior ridge of the pulmonary veins is common-
ly involved in the reconnection sites after surgical ablation 
(Fig. 3) [19]. According to our previously mentioned recent 

Fig. 3. Inadequate pulmonary vein isolation using bipolar clamp in highly dilated left atrium. (A) Gap in the superior side of the right upper 
pulmonary vein. (B) Gap in the inferior side of the right lower pulmonary vein.

A B

Fig. 2. Additional ablation lesions after thoracoscopic ablation. Endocardial mitral isthmus and septal line ablation are impossible 
thoracoscopically. SVC, superior vena cava.

SVC isolation SVC isolation
Roof line

Mitral isthmus line

Mitral annulus line

Cavotricuspid isthmus

Anterior-posterior view Posterior-anterior view

Septal line Septal line

experience [24,25], pulmonary vein gaps were detected in 12 
of 24 patients who showed recurrent symptomatic atrial 
tachyarrhythmia after epicardial thoracoscopic ablation (Fig. 
4). Even with confirmation of pulmonary vein isolation by 
the intraoperative exit block, residual gaps were observed. 
To reduce atrial tachyarrhythmia, we added lesions between 
the superior vena cava and inferior vena cava using a cryo-
probe. A circular lesion in the superior vena cava using a bi-
polar clamp was made when a significantly enlarged right 
atrium was observed by thoracoscopy.

Timing of endocardial electrophysiological confirmation
There remains controversy over the proper timing of post-
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procedural endocardial ablation, which is done for generat-
ing additional linear lines for complete pulmonary vein isola-
tion as it is crucial to make transmural ablation lines for AF 
treatment [28]. In our center, a simultaneous hybrid strategy 
was not adopted for certain reasons, including a lack of hy-
brid facilities and a high risk of significant bleeding during 
the hybrid procedure. Although a simultaneous strategy has 
benefits in theory, there are limitations in conforming pul-
monary vein isolation immediately after epicardial ablation. 
Magnano et al. [29] reported that a lesion which appears 
completely transmural might turn into an incomplete lesion 
over time because of the edematous condition of tissues im-
mediately post-operation. In addition, Bulava et al. [30] 
showed that pulmonary vein lesions made immediately after 
epicardial ablation are not directly associated with atrial ar-

Fig. 4. Outcomes of postoperative electrophysiology studies and radiofrequency catheter ablations. (A) Pulmonary vein gaps. (B) Rhythm 
outcomes after additional catheter ablations. LSPV, left superior pulmonary vein; RSPV, right superior pulmonary vein; LIPV, left inferior 
pulmonary vein; RIPV, right inferior pulmonary vein; PV, pulmonary vein; RFA, radiofrequency catheter ablation; ATa, atrial tachyarrhythmia; 
TTA, totally thoracoscopic ablation; AF, atrial fibrillation. a)On amiodarone; b)Asymptomatic.

rhythmias over time. In our early experience, we performed 
endocardial electrophysiological confirmations 5 days after 
surgery and found an absence of AF in 93% of patients at 2 
years [19]. To prove the efficacy of early endocardial electro-
physiological confirmation, we conducted a randomized 
controlled prospective study [31]. In that trial, 89% of pa-
tients (40/45) showed normal sinus rhythm 1 year postoper-
atively, and additional catheter ablations were done on five 
patients (23%, 5/22, the hybrid group) because residual po-
tential was detected in the left atrium. At 12 months, normal 
sinus rhythm was achieved without additional intervention 
in 70% of patients undergoing thoracoscopic ablation. Hence, 
the timing of the endocardial procedure was changed from 3 
to 5 days after the operation in all patients to 3 months post-
operatively (window period) only in patients showing recur-

22 patients with recurrent ATa after TTA underwent RFA

11 AF

1 AFb)

2 AF

8 Atrial flutter

First RFA (n=22)

Follow-up after the 1st RFA

Follow-up thereafter

• Sinus rtythm conversion 
   (n=21)

• Sinus rtythm (n=15)

• Sinus rtythm (n=17)
• Follow-up loss (n=1)

• Persistent AF after failed 
   RFA (n=1)
• Successful repeated RFA 
   (n=3)

• No induction (n=1)

1 Perimitral flutter
1 Perimitral flutter
1 Atrial tachycardia

 2 Persistent AF

3 Atrial tachycardia

1 Atrial tachycardiaa)

Anterior ridge Carina Roof Posterior ridge

Left PV (n=5) 4 (80%) 1 (20%) 0 0

Right PV (n=7) 1 (14.3%) 0 1 (14.3%) 5 (71.4%) A

B
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rent atrial arrhythmias, which is in line with a previously 
published report [20].

CONCLUSION

Electrophysiological confirmation following thoracoscopic 
ablation might be helpful in improving rhythm outcomes 
and decreasing the prevalence of late atrial tachyarrhythmia. 
We suggest that electrophysiological back-up should be con-
sidered for certain patients with atrial arrhythmia that is re-
fractory to thoracoscopic ablation, and this is a more reason-
able approach than a simultaneous or staged hybrid ap-
proach for all patients considering cost-effectiveness.
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